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§25. Analysis of Pellet Ablation 
Ishizaki, R., Nakajima, N., Kato, S. (Electrotechnical 
Laboratory), Kanno, R., Okamoto, M. 
Refueling is one of essential methods in order to control 
plasma density and sustain steady state plasmas. A gas 
puffing has been successful for building and sustaining a 
plasma density in an experimental system of past genera-
tion. However , ill a large scale experimental system, e .g., 
LHD, the plasma sources induced by the gas puffing are 
strongly localized near the plasma surface . Then, a pel-
let injection is placed as a fundamental tool and has been 
mainly used to obtain a high density plasma and control 
a density profile [1]. 
\Vhen a pellet consisting of solid hydrogen is heated by 
an energy flux, it changes to liquid and vapor during phase 
transition and subsequently to plasma during atomic pro-
cess. In general, the states of solid, liquid and vapor are 
dominated by t he equation of state (EOS) [2]. Then, these 
states can be trca ted by determining pressure and internal 
energy as fun ctions of density and temperature with the 
EOS. Ionization and recombination can be treated by in-
troducing source terms into mass and energy conservation 
equations. In the present work, the ablation cloud con-
sists of three species fluids , namely, neutral atoms, ions 
and electrons. These species have different temperatures 
and a same velocity on the assumption that the charge 
neutrality and strong charge exchange lie in the ablation 
cloud except for incident plasma electrons encounter ing 
the cloud. In result, we obtain a new ablation rate includ-
ing the effects of the EOS and ionization and recombina-
tion, and compare it with one in the previous work [3]. 
Figure 1 shows normalized density, n/np, as a funct ion 
of normalized radius, r/1·p. rp and np are the pellet ra-
dius (1'p = 1 llllll) and atom density (corresponding to 
0.1 g/cm3 ) at the pellet surface, respectively. A thick 
solid, dashed and dot-dashed lines express the atom den-
sity profiles for T = = 77 keY and n= = 1.0 x 1019 m- 3 
(case 1), 19 keY and 4.9 x 1019 m- 3 (case 2), and 6.5 keY 
and 3.2 x 1021 m -3 (case 3), respectively. The density 
decreases in any cases in the radius direction because of 
expansion induced by the thermal flux. In the case 1, the 
electron has the highest temperature and the lowest den-
sity. Then, the ablation rate is highest and the expansion 
velocity is largest, and so the density distribution is re-
duced to a broad profile. In the case 3, the electron has 
the lowest temperature and the highest density. The den-
sity distribution is fairly narrower than one for the case 
1. A thin solid, dashed and dot-dashed lines show the ion 
densities for the cases 1, 2 and 3, respectively. In the case 
3, the ion density increases and becomes greater than the 
atom density in the radius direction, because some atoms 
are ionized by the thermal flux from the bulk plasma. The 
ion density begins to decrease around r /rp r-..J 1.5, because 
the expansion overcomes the ionization. The same feature 
is found also in the case 2. A peak value of the ion den-
sity for the case 3 is greater and a peak position of it is 
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Fig. 1: Normalized density, njnp, as a function of normalized ra-
. dius, T jT p . Thick Solid, dash ed and dot-dashed lines show atom 
densities for the cases 1, 2 and 3, respectively. Thin lines show ion 
densities. 
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Fig. 2: Relation between the ab lat ion rat e and the bulk plasma. 
Horizontal and vertical lines are the electron density and temperature 
in the bulk plasma, respectively. Circles show the conditions of the 
bulk plasmas for the cases 1,2 and 3. 
closer to the pellet surface than ones for the case 2. In the 
case 1, the ion density is so small that the feature can not 
be observed. In Fig. 2, circles show the conditions of the 
bulk plasmas for the cases 1, 2 and 3. Rc is a ratio of the 
ablation rate, Rc = G / Gparks, where G corresponds to 
the present calculation and Gparks does to Parks calcula-
tion [3]. In the case 1 with the quite small ionization rate, 
the ablation rate obtained in this paper is nearly equal to 
one of Parks mode!. It is about half value of one of Parks 
model, in the case 3 with the largest ionization rate. 
Since density and temperature of the bulk plasma in 
experiments are smaller than those investigated in the 
present work, the ablation rate for suitable data must be 
evaluated. In addition, a new scaling law of the ablation 
rate will be obtained. 
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